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Abstract 
Service outsourcing is the business paradigm, in which 
an organization has part of its business process per-
formed by a service provider. In dynamic markets, ser-
vice providers are selected on the fly during process 
enactment. The cooperation between the parties is 
specified in a dynamically made electronic contract. 
This contract includes a process specification that is 
tailored towards service matchmaking and cross-
organizational process enactment and hence has to con-
form to specific market and specification standards. 
Process enactment, however, relies on intra-
organizational process specifications that have to com-
ply with the infrastructure available in an organization. 
In this position paper, we present a three-level process 
specification framework for dynamic contract-based 
service outsourcing. This framework relates the two 
process specification levels through a third, conceptual 
level. This approached is inspired by the well-known 
ANSI-SPARC model for data management. We show 
how the framework can be placed in the context of in-
frastructures for cross-organizational process support. 
1 Introduction 
Nowadays, many organizations focus on specific parts 
of their business process and rely on partners in a mar-
ket to perform the additional parts of the process re-
quired to reach their business goals. A common 
business paradigm is that of service outsourcing, in 
which an organization focuses on its core business proc-
ess (the central part of its primary process) and has sec-
ondary process parts enacted on its behalf by service 
provider organizations.  In this paradigm, the outsourc-
ing organization is referred to as service consumer. The 
details of service outsourcing are usually specified in a 
contract between both parties. Service outsourcing can 
be found in many market segments. An example is an 
insurance company that focuses on the core insurance 
process and outsources secondary activities like cus-
tomer call handling, and insurance claim loss assess-
ment. The combination of service consumer and service 
provider can be seen as a virtual enterprise that presents 
itself to a customer as a single entity. 
Traditionally, these virtual enterprises have a more or 
less stable character over time. In modern dynamic e-
commerce markets, however, players in a market and 
general market conditions change that fast, that a more 
dynamic approach is required to service outsourcing to 
create or retain a competitive position. This means that 
in service outsourcing, service consumers dynamically 
determine which service providers to use in the enact-
ment of their business processes. This implies a number 
of steps: services have to be defined, compatible busi-
ness partners have to be found in an efficient way, con-
tracts have to be made dynamically, process enactment 
infrastructures have to be coupled, and the process actu-
ally has to be enacted. Requirements to speed and costs 
dictate that all of this takes place electronically, prefera-
bly in a fully automated fashion. 
To enable this, clear process specifications are neces-
sary that describe processes for the above-mentioned 
steps in service outsourcing. Given the fact that these 
steps are quite diverse in nature, a single process speci-
fication will not be adequate for all these activities. 
Hence, we propose a multi-level process specification 
approach to be used in service outsourcing. The right 
level of process specification has to be embedded in a 
framework for electronic contracts, to support the 
proper specification of the business relationship be-
tween partners in an outsourcing relationship. As such, 
the electronic contracts are the specification of the dy-
namic virtual enterprise, in which the process specifica-
tion provides the operational interaction specification. 
The multi-level framework we propose is inspired by 
the ANSI-SPARC framework [Tsi78] that is well 
known in the database community. The general ap-
proach to service outsourcing is inspired by the ap-
proach taken in the CrossFlow project [Gre00]. 
In Section 2, we first present our three-level process 
model, explaining what the global purpose of each of 
the levels is. In Sections 3 to 5, we discuss each of the 
three levels and the mappings between them in more 
detail. We place the process model in the context of 
process support infrastructures in Section 6. We end the 
paper with conclusions. Main purpose of this position 
paper is to paint the overall picture of our approach to 
process support for service outsourcing. 
 
2 A three-level process model 
In service outsourcing, we need process specification on 
two levels from an operational point of view. Firstly, we 
require process specifications that can be shared be-
tween multiple organizations (service consumer and 
service providers). These specifications should allow for 
matchmaking between partners when setting up a virtual 
enterprise on the one hand, and service enactment in a 
running virtual enterprise on the other hand. Interopera-
bility is the main characteristic of this specification 
level. Secondly, we require process specifications at the 
implementation level of the process enactment systems 
employed by each of the organizations cooperating in a 
virtual enterprise. Executability is the main characteris-
tic of this specification level. 
None of these two levels is focused on conceptual proc-
ess specification, however, that is independent from 
both practical implementation and collaboration aspects. 
A conceptual specification is required, though, to guard 
the quality of processes through proper design, analysis, 
and validation of process structures. Certainly in an e-
commerce area, where automated processes are the 
backbone of an organization, quality of processes is of 
the highest importance. A conceptual specification is 
also required as a basis for portability of process speci-
fications across multiple markets on the one hand and 
multiple process enactment infrastructures on the other 
hand. 
For this reason, we introduce a third process specifica-
tion level between the two discussed in the previous 
paragraph. Consequently, we arrive at the following 
three-level process specification model: 
External level: The external level is geared towards 
communicating a process specification between dif-
ferent organizations. It can be considered a projec-
tion of the logical level, where projection uses 
hiding and translation operations. 
Conceptual level: The conceptual level is the center-
piece of process specification. It is independent from 
external use and internal implementation. It is used 
for conceptual reasoning about the process, e.g. for 
design and analysis purposes. The logical level is a 
combination of abstraction and aggregation of the 
internal level. 
Internal level: The internal level is geared towards en-
actment of processes in the context of a specific or-
ganization, e.g., by means of workflow management 
systems. The internal level is a mapping of the con-
ceptual level, where mapping is a combination of 
translation and refinement. 
The relation between the three process levels in service 
outsourcing is illustrated in Figure 1. 
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Figure 1: three-level framework 
Note that the three above levels coincide more or less 
with the well-known ANSI-SPARC three-level model in 
the database community [Tsi78, Elm94]. Main differ-
ence – apart from the general database-orientation – is 
the use of the external level. In the ANSI-SPARC 
model, the external level contains multiple views on a 
database that cater for different user groups in an or-
ganization. In our model, the external level contains 
multiple ‘views’ on a process to cater for different or-
ganizations in an electronic market. 
In the sections below, we discuss the framework in 
more detail. We start with the conceptual level, as this 
level is the pivotal point in our framework. Next, we 
move ‘up’ to the external level, paying attention to the 
nature of this level and the projection from the concep-
tual level. After that, we move our attention ‘down’ to 
the internal level and to its mapping from the conceptual 
level. 
 
3 The conceptual level 
The conceptual process specification level is the center 
point in our framework for cross-organizational process 
support. It is used for the design, analysis and verifica-
tion of cross-organizational processes. 
 
3.1 The nature of the conceptual process 
specification level 
The process exhibited by an organization to the outside 
world is usually less detailed than the implementation of 
the same process actually enacted by the organization. 
Consequently, several process aggregation levels exist. 
The mapping between these aggregation levels is dealt 
with by a process refinement hierarchy. 
As the conceptual specification level is the design and 
analysis level of our process specification framework, 
we place the process refinement levels that have a con-
ceptual meaning within this level. Refinement that is 
related to mapping to process enactment infrastructures 
is dealt with in the mapping between conceptual and 
internal process specification – see Section 5.2. 
To properly support design and analysis tasks at the 
conceptual level, an adequate process specification tech-
nique has to be selected. As we deal with discrete 
business processes, we require a discrete process model-
ing technique. As unambiguous reasoning about process 
specifications should be possible at this level, we re-
quire a specification technique with a formal back-
ground. Clearly, the chosen technique should be 
mappable to both the external and the internal process 
specification levels. 
Variants on Petri Nets are widely accepted in the busi-
ness process reengineering and workflow management 
domains, both from a research and from an industrial 
perspective. Therefore, Petri Nets form a usable basis 
for the conceptual specification level. As UML is cur-
rently widely used in information system specification, 
UML activity diagrams can serve as an alternative 
[Esh01]. 
 
3.2 Designing, analyzing and verifying 
conceptual process specifications 
Design of processes takes place at the conceptual level, 
preferably in a top-down fashion. In a service outsourc-
ing scenario, this means that at the highest aggregation 
level of the conceptual level, the conceptual interaction 
between service consumer and service provider are de-
termined. 
At this level, the service consumer specifies its concep-
tual cross-organizational business process. This process 
contains activities that are enacted in-house, which are 
refined in the conceptual level if necessary. It also con-
tains activities to outsource, which are not further re-
fined, but enacted by a service provider. 
The service provider specifies the service it offers in 
conceptual terms at this level. The service specification 
may be extended with additional activities that are in-
ternal to the service provider, for example administra-
tive activities. All activities can be refined within the 
conceptual process specification level. 
The nature of the conceptual process specification al-
lows for analysis and verification of processes. Analysis 
may, for example, focus on transactional characteristics 
of business processes [Der01]. Analysis may also have a 
more quantitative character, for example by using simu-
lations. Verification techniques may be used to prove 
certain characteristics of processes, e.g., reachability or 
termination characteristics. Analysis and verification 
lead to the assessment of quality characteristics of ser-
vices that may be required as attributes at the external 
process specification level. 
 
4 The external level 
Interoperability of processes is the main focus of the 
external level. Below, we discuss the nature of external 
process specifications and their role in electronic con-
tracts. 
4.1 The nature of external process speci-
fications 
The process specification on the external level is used 
for two purposes: 
Service matchmaking: The external process specifica-
tion is used in matchmaking between service con-
sumers and service providers, i.e., in setting up a 
virtual enterprise. The external process required by a 
consumer should match with an external process of-
fered by a provider in order to link their processes.  
Cross-organizational process control: The external 
process specification is used for controlling the 
cross-organizational service enactment, i.e., it is the 
basis for cross-organizational process monitoring 
and control. 
Translation of the conceptual process specification is 
necessary to conform to market standards – this to allow 
interoperability between partners. Where the conceptual 
process specification uses a formal process model – as 
explained above – the external model uses a process 
specification standard that is common within a certain 
market, e.g. XML-based standards like ebXML 
[ebX01]. 
A process specification at the external level can repre-
sent a complex process that on the conceptual level is 
considerably refined and dismantled into separate indi-
vidual processes. Still the process specifications should 
not be too general as they may turn the process of ser-
vice outsourcing in a black box process, thereby not 
allowing the fine-grained cooperation that is required in 
dynamic virtual enterprises. 
The external level includes service execution character-
istics that define how the service is executed. The char-
acteristics can be of different classes. An important 
class is the specification of the transactional behavior of 
service execution. A second class is the specification of 
control points in the service process and available con-
trol primitives – this to specify how a service consumer 
can influence the enactment of an outsourced service. 
Quality of service attributes, e.g. execution times or 
success probability, form another important class. 
 
4.2 Mapping the conceptual level to the 
external level 
The external specification is a projection of the concep-
tual process specification, where projection is a combi-
nation of hiding and translating. 
Parts of the conceptual process can be hidden in the 
external process because they are not relevant for a co-
operation partner. A service consumer might hide every-
thing of its conceptual process but the subprocess to be 
outsourced. A service provider will usually show most 
of its conceptual process, but might hide some adminis-
trative tasks at the end of a service specification. 
Translation is necessary to transform primitives from 
the conceptual process specification technique into the 
process specification standard used at the external level. 
Also, execution quality characteristics determined at the 
conceptual level have to be translated into service at-
tributes at the external level. 
 
4.3 External process specifications in 
electronic contracts 
Electronic contracts form the basis for the automated 
formation of dynamic virtual enterprises. One of the 
most important aspects of this formation is the align-
ment of the business processes of the cooperating or-
ganizations. For this reason, the external process 
specification is a key element in electronic contracts in 
the domain of service outsourcing [Ang01, Koe00]. An 
electronic contract is established on the base of an offer 
and subsequent negotiation between the service provider 
and service consumer. On the external level there are 
two types of process specifications that are relevant to 
electronic contracts: establishing contracts and enacting 
contracts. 
The first type of process specification describes the es-
tablishment of an electronic contract, i.e., the process of 
negotiation and exchanging preliminary data. This proc-
ess is specified in an electronic contract offer and sub-
sequently – if necessary – in an electronic contract. The 
reason to include this process specification in a contract 
is for example to achieve contract reusability. The es-
tablished contract can be stored and subsequently, when 
new business relations between the parties appear, the 
preliminary process can be repeated in an automated 
manner and will lead to a new instance of the contract. 
This kind of process specification can also be reflected 
at the conceptual and internal specification levels. In 
this paper, however, we focus on specification of out-
sourced services, as discussed below. 
The second type of process specification concerns a full 
process specification of the outsourced service. This 
specifies the process execution chronology and compo-
nents, and support the cross-organizational process con-
trol. Specification of these processes at the right level of 
granularity on the external level is of high importance 
for the proper execution of the services accompanying 
contract enactment, e.g., contract monitoring, contract 
enforcement, etc. The granularity is determined at the 
conceptual level, as described in Section 3. At the con-
ceptual level is determined which process specifics can 
remain hidden from the contractual relation between a 
service consumer and a provider. These observations for 
the process specifications embedded in the electronic 
contract prove the need of a conceptual level that will 
play a mediating role and will allow independence be-
tween the internal and external levels. 
 
5 The internal level 
The internal process specification is used to have local 
parts of cross-organizational processes enacted by proc-
ess support systems. Below, we first describe the nature 
of internal process specifications. Next, we discuss the 
mapping of specifications from the conceptual level to 
the internal level. 
 
5.1 The nature of internal process specifi-
cations 
Internal process specifications are used to describe en-
actment processes by organizations participating in 
cross-organizational processes. 
Workflow management systems are a general infrastruc-
ture for the automated support of business processes 
enactment. Often, these systems are separate entities in 
an information system infrastructure, sometimes they 
are embedded in other systems, like ERP systems. 
Hence, the internal process specification level can be 
based on a workflow process definition language 
(WFPDL). WFPDLs are discrete in nature and often use 
Petri Net based process models, so they match the re-
quirements as discussed at the conceptual level. 
The internal process specification contains a mapping of 
the activities in the process to the enactment resources 
available in the organization. These resources include 
the employees in the organization and the back-end in-
formation systems employed in the business processes. 
WFPDLs contain primitives that cater for this specifica-
tion. 
 
5.2 Mapping the conceptual level to the 
internal level 
Abstract process models defined at the conceptual level 
have to be mapped to workflow models in a WFPDL. 
This requires a syntactical translation, but also the addi-
tion of resource specifications as discussed above. 
Given the global similarity of the natures of conceptual 
specification language and WFPDL, translation is in 
most practical cases not problematic. In specific cases, 
however, the precise semantics of constructs at both 
levels have to be analyzed to obtain a correct transla-
tion. Clearly, quality characteristics identified at the 
onceptual level have to be taken into account in the 
translation – such that guarantees made in contracts at 
the external level are in fact delivered at the internal 
level. 
In some cases, the process aggregation level available at 
the internal level is lower than that of the lowest refine-
ment level of the conceptual level. The conceptual level 
may, for example, contain multi-user tasks, whereas the 
workflow system employed at the internal level only 
allows single-user tasks. In this case, an additional re-
finement step has to take place to go from conceptual to 
internal level. Note that refinement only takes place 
here if technology limitations dictate this. Refinement 
from a functional point of view takes place at the con-
ceptual level. 
 
6 Process support aspects 
In this section, we focus on more practical aspects of the 
proposed three-level modeling approach by placing it in 
the context of process support environments. To take 
the research point of view, we first place the approach 
in the context of the CrossFlow architecture. To take the 
industrial standardization point of view, we place the 
approach in the context of the ebXML architecture. Fi-
nally, we spend a few words on storage aspects of proc-
ess specifications in our framework. 
 
6.1 CrossFlow architecture 
In the CrossFlow project, concepts and technology for 
workflow support in dynamic virtual enterprises have 
been developed [Gre00, XF01].  In the context of this 
project, the formation of virtual enterprises is based on 
dynamic service outsourcing, as advocated in this paper 
as well. Service offerings and service requests are speci-
fied in electronic contract templates [Koe00], which are 
matched by a service matchmaker. An established elec-
tronic contract is the basis for the dynamic generation of 
a service enactment infrastructure [Hof00], based on 
workflow management technology. 
In the CrossFlow approach, external process specifica-
tion is part of contract specification. For this purpose, 
the contract model contains a process specification 
submodel, based on the standard of the Workflow Man-
agement Coalition. The process specification submodel 
is augmented with an extensible set of enactment 
clauses, that specify service enactment characteristics, 
as discussed in Section 4.1. The contract model is re-
flected in a dedicated, XML-based contract specifica-
tion language [Koe00]. 
The internal process specification in CrossFlow is 
formed by the workflow specification language of the 
workflow management system, in the case of the Cross-
Flow prototype IBM MQSeries Workflow [MQ01]. 
In the CrossFlow approach, no separate conceptual level 
for process specification is used. An internal enactment 
specification is used for a direct mapping of external 
onto internal level [Hof00]. This means that conceptual 
process design and analysis are not integrated into the 
CrossFlow approach. An example is the support for 
advanced cross-organizational transaction management 
in CrossFlow [Von00]. This is supported both at the 
external and internal level, but without conceptual 
analysis facilities integrated in the model. In complex 
situations, however, this analysis is desirable to deter-
mine the precise semantical effects of transaction man-
agement. 
 
6.2 ebXML architecture 
ebXML is an initiative governed by UN/CEFACT and 
OASIS, joined by major companies and standardizing 
consortiums, that aims to provide a framework for es-
tablishment of business relations and subsequent execu-
tion of business transactions [ebX01]. ebXML provides 
a process modeling technique based on the 
UN/CEFACT Modeling Methodology (UMM) that util-
izes UML. The modeling technique employs UML ac-
tivity diagrams and sequence diagrams in both a 
graphical and a textual, XML-based format. 
The process modeling and specification stage relates to 
the conceptual level of the three-level process model. 
However, ebXML does not differentiate process speci-
fications at the conceptual level from process specifica-
tion at the external level. As these two levels are mixed 
up and there is no explicit attention for refinement of 
processes in the approach, further mappings to the in-
ternal level process specifications are hard to obtain.  
As a result of the process modeling, at the service con-
sumer and service provider sides Collaboration Protocol 
Profiles (CPPs) are created that reflect the processes’ 
specification at the external level of both parties. The 
CPP includes specifications of the supported processes, 
transaction chronology descriptions, etc. and is the con-
tract offer specification described in Section 4.3. On the 
base of the CPPs of both parties, a Collaboration Proto-
col Agreement (CPA) is created.  The CPA is the elec-
tronic contract that specifies the agreed processes that 
will be performed, their chronology and possible inter-
actions between parties. 
The existence of ebXML as a global standard specifica-
tion allows achieving the interoperability required on 
the external level. ebXML does not cover in its specifi-
cation process specifications at the internal level. Other 
standardizing efforts exist with comparable goals as 
ebXML, for example UDDI [UDD00] and BizTalk 
[Biz01]. 
 
6.3 Process specification storage 
The proposed approach to service outsourcing leads to 
complex process specifications at three levels, with pos-
sibly one-to-many mappings between the levels. Conse-
quently, an infrastructure for specification storage and 
management is needed, paying due attention to consis-
tency requirements between specifications and version 
management of specifications. 
Storage of all specifications in central process specifica-
tion database is an approach to match these require-
ments. This database will have a semi-structured data 
format and might be supported by a database manage-
ment system with an XML front end. 
As discussed in this paper, specifications at the external 
level are usually stated in a language based on XML, 
e.g., ebXML. Mapping to XML infrastructures is thus 
trivial at this level. 
At the conceptual level, this requires a mapping of the 
used specification technique, for example Petri Nets, 
into XML. At a number of places, XML representations 
of Petri nets are currently being developed. An example 
is the Petri Net Markup Language [PM01]. 
At the internal level, an XML representation of a 
WFPDL is required. The application of XML for work-
flow management currently finds some application in 
Wf-XML standard of the Workflow Management Coali-
tion [WM01], although this language does not cover a 
complete WFPDL. Commercial workflow management 
systems, e.g. IBM’s MQSeries Workflow [MQ01], are 
developed towards XML support. 
 
7 Conclusions 
The use of contract-based dynamic service outsourcing 
opens ways to efficient handling of fine-grained cross-
organizational processes. Efficient means that contrac-
tual outsourcing can take place in a fast and cheap way 
– quite different from the traditional paper-based situa-
tion. This paradigm allows the creation and dismantling 
of short-term virtual enterprises, Thereby supporting 
highly dynamic cooperation in fast-changing markets. 
In some situations, this can even enable completely new 
business models. 
The proposed three-level approach to business process 
specification provides a clear separation of concerns in 
business process support, thereby increasing quality, 
flexibility and reusability of process specifications in 
cross-organizational settings. This separation of con-
cerns is becoming increasingly important, as the com-
plexity of automated cross-organizational processes 
grows through the advent of e-business and e-
commerce. 
A spectrum of future work is planned at the University 
of Twente that is related to the model presented in this 
paper. Support for e-contract handling is being re-
searched, using the three-level framework for contract 
specification (both data and process aspects). Research 
into flexible architectures for cross-organizational proc-
ess support is being performed. Transactional cross-
organizational workflow processes are a further topic of 
research. 
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